Evidence for multifactorial origin of diabetes-induced embryopathies.
Serum factors characteristically altered in the diabetic state, e.g., glucose, ketone bodies (beta-hydroxybutyrate), and somatomedin inhibitors, induce dysmorphogenesis with or without growth retardation in rodent embryos in whole-embryo culture. Furthermore, serum from diabetic animals, which contains combinations of altered factors, is teratogenic, thereby implying that the diabetic embryopathy is of a multifactorial origin. However, a detailed investigation with various combinations of factors at known concentrations to test this hypothesis has not been conducted. Therefore, we employed combinations of hyperglycemia (300 and 600 mg/dl; 16.6 and 33.3 mM), hyperketonemia (8 and 16 mM D-beta-hydroxybutyrate), and an 800- to 1000-Mr somatomedin-inhibitor serum fraction (at an amount equal to that found in 0.05 and 0.1 ml of serum from a diabetic rat per deciliter culture medium), which represented doses with low teratogenic potential, to determine if interactions of the factors could occur that would increase the risk of malformations in mouse embryos exposed in whole-embryo culture during gastrulation and neurulation. The results demonstrate that glucose and D-beta-hydroxybutyrate can act synergistically to produce growth retardation and additively to induce malformations. The addition of the somatomedin inhibitor exacerbates the induction of malformations produced by the ketone body and glucose. Thus, the origin of the diabetic embryopathy may be multifactorial, involving several altered maternal factors.